In plane elastostatic problems for an infinite orthotropic medium containing a line crack [1] [2] [3] or a series of collinear cracks [4] it was shown that the stress intensity factor is identical to that found for isotropic materials. However, if the geometry of the medium is bounded, it is expected that in orthotropic solids the material constants would influence the stress intensity factors. A bounded specimen geometry which is sufficiently simple for the purpose of analysis and at the same time is of sufficient practical interest is that of a long strip containing internal or edge cracks. The main objective of the present paper is by considering this problem to give some idea about the degree of influence of the material orthotropy on the stress intensity factors. The equivalent isotropic case is one of the more widely studied crack problems in technical literature (see, for example, .
FORMULATION OF THE PROBLEM
Consider the plane problem for the orthotropic strip shown in Figure 1 . Referring to, for example [14] , the equilibrium equations for an orthotropic plane may be expressed, as s 82+a?z+a 
and the constants 04 , 06 , cj , and d i , (j=1,..,4) are given by
Assuming that x and y are axes of symmetry for loading as well as geometry, the unknown functions A j (a) and Bj (a), (j=1,..,4) are determined from the following conditions:
axx (h,Y) = 0 , axY (h,Y) = 0 , O<Y<- (10) u(O,Y) = 0 , axy ( O ,Y) = 0 0<y<- (11) axY (x,0) = 0 , 0<x<h (12) ayy (x,+O) = -P(x) , a< lxl <b ,
v(x,O) = 0 , O<Ixl<a , b<ixl<h r r where the crack surface traction p(x) is a known function. The seven homogeneous conditions (9-12) may be used to eliminate seven of the unknowns and the mixed boundary conditions (13) would give a system of dual integral equations to determine the eighth. In this paper, defining a new unknown function
the problem is reduced to a singular integral equation by using the first equation of (13) . From the second equation of (13) it is seen that $(x,0) = 0 , 0<Ixl<a , b<lxl<h ,
Examining the roots of (7) it may be observed that (i) for S4<0, S6 = g4-4 05> 0 there are four real roots, s l , s2 s 3 -s l , and s 4 = -s2 (s 1 >0, s 2>0); in this case the corresponding material will be classified as type I;
(ii) for 0 6 <0 the roots are complex, sl= 11 + iw2 =-s3, S 2 = wi-iw 2 = -s 4 (w l >0 1 w2>0) and the related material will be classified as type II; and (iii) for 64>0, $6>0 the roots would be pure imaginary s = iw3 = -s31 s2= iw 4 = -s4.
In practice generally S 4 is negative. Therefore the problems of interest are those relating to materials type I and II only. This classification seems to be necessary in order to pursue the formulation of the problem beyond equations (6) without introducing unnecessarily complicated complex algebra. Also, in this paper only the case of generalized plane stress will be considered. For plane strain it is sufficient to replace the quantities E x/(1-vxyvyx ), Ey/(1-v xyvyx ), and vyxE x/(1-vxyvyx ) by b il l bz2, and b 12 , respectively (see equation 4).
Because of symmetry considering only one quarter of the medium shown in Figure 1 , and using the standard stress-displacement relations for plane stress, after somewhat lengthy but routine analysis, for material type I (i.e., for real s l and s 2 ) the problem may be reduced to the following integral equation:
under the additional condition (15) . Here the kernel is given by
The expressions for K 1 . K21 and m14 are given in Appendix A.
For material type II the roots of the characteristic equation (7) are complex. Defining
and, assuming that m l >0, in this case the integral equation becomes
again subject to condition (15) . The kernel k 2 is given by
where the function K3 and the related constants r i are defined in the Appendix B.
One may note that in the special case of single internal crack, (i.e., for a = 0, b<h) the integral equations (16) 
STRESS INTENSITY FACTORS
The standard definition of the stress intensity factors at the crack tips a and b is
To determine the asymptotic behavior of the cleavage stress a yy around the crack tips, first it may be observed that the index of the singular integral equations (16) and ( 19) is +1. Therefore, the solution is of the following form [15] :
Next, it should be pointed out that the left hand side of (16) and (19)
gives ayy(x,O) for x outside the interval (a,b) as well as within.
Thus, making a change in variable
for example, (16) may be expressed as 
Substituting from (28) into (26) one obtains 
where the functions R 5 and R 6 are also bounded at x = b and x= a. Thus, from (23) and (35) the stress intensity factors are found to be
In the case of fully imbedded cracks the integral equations (16), (19) or (21) can always be reduced to the normalized form (26) and can be solved by using the technique described in [16] .
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EDGE CRACKS
In equations (16) and (19) the kernels kl(x,t)-kl(x,-t) and k2(x,t)-k2(x,-t) are bounded provided b<h (see Figure 1 ). For b=h, that is in the case of edge cracks, the integral equations are still valid but these kernels do not remain bounded as x and t go to the end point b= h and, consequently, the singular behavior of the solution at x= b= h may no longer be described by (24). Expressing the kernels in (16) and (19) as
where k if is bounded in the closed interval [a,h], the unbounded parts 
(h-t) (t-a)
where f1 is H-continuous in [a,h], and following the procedure outlined in [15] , the characteristic equations for a and R are found to be At the imbedded crack tip xna it is seen that the singularity has the expected 1/2 power. On the other hand, as in the isotropic case, (43) and (45) have no root for which 0<Re(a)<l, meaning that at x=h there is no power singularity. One may also proceed and investigate the possibility of a logarithmic singularity for the solution. Thus, letting a= 0 in (41) and defining the sectionally holomorphic function F 1 (z)= ^ 1a dt we find [15] f (a)e'r^s f (h)
T (a -( , kzn-x = F 1 (2h-x) , ... and by using the numerical technique described in [10] . In this case the stress intensity factor at x = a becomes
RESULTS AND DISCUSSION
As an example the following two orthotropic materials will be considered:
Type which corresponds to uniform tension of the strip away from the crack region. Table 1 shows the results for an internal crack of length 2b (see Figure 1 , a=0) which was found by solving (21). The stress intensity factors used in the tables are defined by (23) and are calculated by using (36) for internal and (51) for edge cracks. The stress intensity factors for symmetrically located two collinear cracks ( Figure 1 ) are given by Table 2 . Table 3 gives the results for symmetric edge cracks.
The tables also contain the stress intensity factors for the isotropic strip which are included for comparison. A close examination of the integral equations (16), (19), or (21) would indicate that in orthotropic materials since the Fredholm kernel k l or k 2 is heavily dependent on the material constants, the solution must also depend on the constants. On the other hand, in isotropic materials even though the structure of the integral equation is identical to that of (16) does not seem to be feasible to make a systematic study and demonstrate the effect of the material orthotropy on the stress intensity factors.
However, it appears that there exists a difference between isotropic and orthotropic results and in highly orthotropic materials it may be significant.
In solving this problem, the numerical analysis produced a somewhat unexpected result. First, it should be pointed out that the results given in the tables are accurate to roughly three significant digits, the remaining digits may not be accurate. On the other hand, after rotating the material 90 degrees (i.e., taking the strip parallel to the less stiff axis and the crack along the stiffer axis) and fully expecting to obtain a different set of results, the print out for the stress intensity factors came out to be identical -in all eight digitsto the original values obtained for the strip which was parallel to the stiff axis. Furthermore, the ratio of the function F(r) defined by (27) at all points in -1<r<l for the 0 and 90 degree orientations was found to be constant, indicating that the crack surface displacements for the two cases are related by (see (14) , (27), and (36))
where the constant M is defined by (21). This simply shows that the kernels k1 and k2 which appear in the integral equations (16) 
